One hundred thirty-three children were distributed into two groups: G1 (normal nasal patency -PNIF higher than 80% of predicted value) with 90 children; G2 (decreased nasal patency -PNIF lower than 80% of predicted value) with 43 children. Differences between groups were not found in CD and HHA measures. FE was significantly higher in G2 than G1 (p=0.023). Negative weak correlation between p=0.002) Palabras clave |
ORIGINAL RESEARCH
One hundred thirty-three children were distributed into two groups: G1 (normal nasal patency -PNIF higher than 80% of predicted value) with 90 children; G2 (decreased nasal patency -PNIF lower than 80% of predicted value) with 43 children. Differences between groups were not found in CD and HHA measures. 
INTRODUCTION
Nasal obstruction is a frequent complaint in childhood and consists in the main cause of upper airway resistance increase 1 . Obstructive adenoid and allergic rhinitis may cause not only nasal obstruction but also mouth breathing mode and other consequences [2] [3] [4] . The postural compensation for airflow maintenance may target not only the lip and tongue posture, but also the whole body, mainly in morphologically prone patterns 3 . The postural changes observed in children may determine a worsening in respiratory dysfunction, in which a feedback system may be installed, causing a progressive respiratory and musculoskeletal impairment 5 . The head posture deviation, especially the forward head posture, may cause a compensating mechanism for the normal respiratory function maintenance 4, 6, 7 . Such alterations, if not corrected, may aggravate respiratory problems or even reflect negatively on adult life 3, 5, 8 . Therefore, the previous detection of postural misalignment and its relation with nasal obstruction may influence not only problem solving, but also the prevention of systemic consequences.
Whenever possible, the usage of objective evaluative methods is indicated. Regarding nasal obstruction, the Peak Nasal Inspiratory Flow (PNIF) has been presented as a reliable method for detecting nasal patency alterations of obstructive and inflammatory etiology, being useful for structural and functional diseases diagnosis 9 . Moreover, the Nasal Obstruction Symptom Evaluation (NOSE) scale is a subjective method used for detecting problems due to nasal obstruction, graduated in scores from zero to 100 10 . Biophotogrammetry, a reliable and low-cost method, has been widely used to detect children postural deviation [11] [12] [13] . Literature has not yet presented the relation between nasal obstruction and craniocervical posture with objective evaluations. Based on these considerations, the main goal of this study was to evaluate craniocervical posture in children with normal and decreased nasal patency. Additionally, the correlation between both evaluation methods of nasal patency (objective and subjective) and craniocervical posture was verified. The hypothesis is that nasal patency decrease may be associated with craniocervical posture misalignment, there being a correlation among variables.
METHODOLOGY
This study was originated from a project titled "Integrated characterization and evaluation of orofacial motricity and body posture diseases -phase II," approved in the Ethics and Research Committee of Universidade Federal de Santa Maria, under protocol no. 08105512.0.0000.5346 with observational and cross-sectional design.
The sample was obtained from elementary school children. All participants and their parents were informed regarding the procedures, assuring the seal of their identities and physical and mental integrity. Afterwards, they signed the Consent Form, according to 466/12 resolution of Conselho Nacional de Saúde (CNS).
The inclusion criteria were ages from six to 12 years old, mixed or permanent dentition, and normal ventilatory function or obstructive lung disease treated/controlled, verified by spirometry. Spirometric evaluation (One FlowClement Clarke) was carried out, following the American Thoracic Society (1991) 14 and Sociedade Brasileira de Pneumologia e Tisiologia (SBPT) 15 . The study excluded: children with allergic rhinitis; using antihistaminic and/or oral or topic corticoid therapy on the last thirty days; in orthodontic treatment, physiotherapy or speech therapy; with facial surgery or trauma or evident signs of neurological disease, and/or craniofacial malformation 3, 12 .
To identify these criteria, a structured interview was conducted with the children's parents.
PROCEDURES
The selected children were evaluated using photographic recordings with biophotogrammetric analysis, with a software of postural evaluation (SAPO v.0.68). The photographs were taken considering an orthostatic posture in right lateral view. Children were wearing suitable clothing, hair tied back and barefoot for better visualization of anatomic structures. Anatomic points were marked on the subjects' bodies with white Styrofoam balls wrapped with double-sided tape. They were oriented to keep the usual body posture with opened eyes glancing at the horizon line during image acquisition. The scenario for the photographic recordings was constituted by a black background of 3x1.5 meters, a plumb line suspended on the roof besides the volunteer, a base with 10x40x20 centimeters, with the feet outline drawn on a rubber rug. A digital camera (Sony® Cybershot
, with approximately half a child's stature above the floor, was positioned at a distance of at least 3 meters from the subject.
The craniocervical measures used for analysis were ( Figure 1 In order to assess intra and inter-rater reliabilities, analysis were performed with an interval of one week, by the same research evaluator and also by another experienced evaluator. For this, 10% of the children evaluated were raffled through random.org website.
For nasal patency assessment, two different methods were used: Peak Nasal Inspiratory Flow (PNIF) and Nasal Obstruction Symptom Evaluation (NOSE). The measure of PNIF was evaluated by using the InCheck Inspiratory Flow Meter (Clement Clarke International, the United Kingdom) with Residual Volume (RV ) method, that is, a full exhale followed by a nasal inhale as fast and strong as possible, with closed mouth and well-adapted mask to face 16 . The test was repeated at least three times or until three technically satisfactory measures were obtained, with less than 10% variation, considering the highest value 16 . The predicted values of PNIF were based on Ibiapina et al. 17 , according to sex and stature.
The NOSE scale is composed of five questions regarding nasal obstruction and how much of a problem it was in the last month. The scores may vary from zero to 100 10 , zero meaning no problem and 100 meaning the highest severe problem. The questions were carried out with children and their parents, as the symptoms were not easily detected by the child.
Sample calculation for studies comparing two groups and studies that correlate quantitative variables were performed using the GPower 3.0.10 program. An effect size of 0.8 and power of 0.95 was considered for intergroup comparison, and effect size of 0.5 and power of 0.95 was considered for correlation between variables, both with an alpha of 5%. The minimum number determined was 84 individuals.
Statistical Analysis
The STATISTICA 9.1 software (Statistica for Windows -release 9.1 Stat Soft) and SPSS (Statistical Package for the Social Sciences) were used for descriptive and inferential data analysis, considering p<0.05 as significant level. Data normality was verified by Lilliefors test. Children were distributed into two groups, considering 80% of PNIF predicted value, that is, higher than 80% for Group 1 (G1) and lower than 80% for Group 2 (G2). To identify whether nasal obstruction is associated with craniocervical posture alterations, the groups were compared through U-Mann Whitney test. The intra and inter-rater reliability of the angular and linear postural measures was tested by the intraclass correlation coefficient (ICC). ICC values below 0.4 are not acceptable, between 0.4 and 0.75 are acceptable, and above 0.75 are excellent 18 . Spearman correlation test was used to correlate craniocervical posture variables with nasal patency and both evaluation methods of nasal patency (objective and subjective), classifying them as strong (r≥0.7), moderate (0.7<r >0.3), and weak (r<0. 3) 19 .
RESULTS
The sample was composed of 133 children, 73 boys and 60 girls, with average age of 8 The comparison of the postural measures between groups is shown in Table 1 Negative weak correlation was found between %PNIF and FE measure (Figure 1) , i.e., the smaller the nasal patency, the greater the head extension. The CD was positively and weakly correlated with the PFIN raw value (Figure 2 ). Negative weak correlation was also found between the scores of NOSE scale and PFIN (Figure 3) . 
DISCUSSION
Mouth-breathing children frequently present postural alterations 12 . Such alterations are assumed to be a compensatory mechanism to airflow maintenance 6, 7 .
Besides that, studies on the relation between nasal obstruction and craniocervical posture with quantitative evaluations were not found in the literature. For being objective and easy-to-use instruments, their applicability is reinforced not only in research, but also in clinical practice.
In biophotogrammetric analysis, children did not differ in HHA and CD measures. Head forward posture is caused by lower cervical spine flexion and upper cervical spine extension. Such postural deviation has been frequently associated with mouth breathing mode, without considering its etiology, whether obstructive or functional. Forward head posture in mouth breathing occurs due to oropharynx rectification to facilitate the air passage in case of nasal obstruction 5, 6 . Nevertheless, the association between forward head posture and mouth breathing does not represent a consensus.
In a study comparing nasal-breathing children, obstructive mouth-breathing and functional mouthbreathing children, differences in head posture were not observed in these three groups 12 . The authors suggested that, according to the average values of HHA (46.15x45.71x45.09), all children presented head forward posture. These values were similar to the ones found in all the children (G1=45.64° and G2=45.80) evaluated in this study. Higher values of this angle were obtained in mouth-breathing children that went through physical therapy for postural treatment, with values of 44 and 47.8 degrees, before and after treatment, respectively 20 . Despite the absence of difference in HHA measure between groups, the FE measure was greater in G2, with both presenting forward head position. This outcome shows that the smaller the nasal patency, the greater the head extension. Experimental studies have confirmed this condition, observing the correlation between head extension and increase in pharyngeal airway space in healthy adults 21 , and after induced mouth breathing during 15 minutes 7 . Another study has observed five degrees of head flexion after palatal expansion, with increase of airway pharyngeal space in children 22 . Supporting this proposition, mouth-breathing children presented more elevated and extended head in cephalometric evaluation, nevertheless the respiratory mode was confirmed by clinical features and mirror test, and not by the nasal obstruction diagnosis 23 . Another study has concluded that the head extension in response to nasal obstruction can be attributed to a greater activity of the occipital muscles 24 . Furthermore, this angle was negatively and weakly correlated with the %PNIF measures. It is important to highlight that this photogrammetric measure (FE) is considered reliable, as it was moderately correlated with a cephalometric measure (CVA), which also assesses the head flexion-extension position. Another measure (CD) was also positively and weakly correlated with PNIF, demonstrating that as nasal patency decreases, the cervical spine curvature also decreases. However, this measure did not differ between G1 and G2, and both groups presented values indicating normal cervical alignment 11 . Based on all these outcomes, for nasal patency maintenance there must be postural compensation such as forward head posture and head extension. Overall, forward head was a common postural deviation in children. The extension head is probably the most distinct element between children with and without nasal obstruction.
When analyzing two measures which assess nasal obstruction, objectively and subjectively (PNIF and NOSE scale, respectively), a negative weak correlation was found. These outcomes mean that the smaller the nasal patency, the greater the perception of problems related to obstruction. Melo et al. 25 have evaluated nasal and mouth-breathing children by Glatzel Mirror and PNIF. They concluded that the Glatzel Mirror could differentiate children with and without nasal obstruction, regardless of its cause. The PNIF differentiated only nasal from surgical mouth-breathing. For this reason, the authors considered the use of this instrument limited. The PNIF percentage, based on reference curve, seems to be a more appropriate measure as an objective indicator because it includes demographic and anthropometric aspects. However, only two studies were found with this measure in adults 26 and children 17 . More studies including the correlation of %PNIF and objective measurements, such as acoustic rhinomanometry and acoustic rhinometry, are necessary 1 . The NOSE scale is more frequently used in septal deviation assessment, in pre and posttreatment in adults 10, 27, 28 . Regarding the reliability of NOSE scale, the correlations found (NOSE versus rhinomanometry and NOSE versus VAS) were considered good for groups with and without obstruction and for individual measurements over time 27 . Another study in adults with nasal and mouth breathing has found a negative moderate correlation between NOSE and PNIF 16 . The original scale was validated for Portuguese 10 and other languages 27, 28 . However, there is some criticism regarding NOSE, with possible redundancy between items 10, 28 . Few studies with children were found 29, 30 . One of them, evaluated by NOSE score pre and post septoplasty, has obtained average values of 71.0, 22.6 and 23.7 in baseline, three months and 12 months after surgery, respectively 30 . It is important to consider that the use of this instrument in children may have some limitations, as they need their parents help to answer it and because their perception of obstruction symptoms is not very clear. Authors have suggested, for nasal obstruction evaluation, a combination of subjective and objective methods, complementing one another 16, 25 . The hypothesis that children with nasal obstruction present craniocervical posture alteration was partially confirmed, since a greater head extension and the correlation between craniocervical measures and nasal patency were verified. The association found in this study highlights the body posture evaluation of children with nasal obstruction. As head extension is necessary for better air passage through the mouth toward nasal obstruction and may depend on its severity and duration, this postural deviation may last even after the airway patency recovery.
So far, the literature does not present the relation between body posture and mouth breathing though clinical and quantitative evaluations. Therefore, the aim of this study is to demonstrate quantitatively the relation between craniocervical posture and nasal obstruction. Nasal obstruction does not always establish the mouth breathing mode, indicating that the nasal patency measure is more accurate to be related with head posture alterations than with the clinical aspects of mouth breathing.
CONCLUSION
Children with lower nasal patency have presented greater head extension. PNIF was correlated with craniocervical measures, showing that as nasal patency decreases, head extension increases and cervical spine curvature decreases. These outcomes demonstrated an association between nasal obstruction and head posture. Therefore, therapeutic approach needs to contemplate both aspects.
